Temperate phage PS166 infection of Vibrio eltor MAK757 resulted in complete changes in all biotype-specific determinants. About 10% of the PS166 lysogens of MAK757 lost their eltor-specific determinants, namely, the ability to produce soluble hemolysin, cell-associated hemagglutinin for chicken erythrocytes, and resistance to polymyxin B, as well as resistance to Mukherjee's group IV phage and sensitivity to eltor phage e4. These lysogens were found to have acquired the properties of classical strains, most significantly becoming sensitive to group IV phage but resistant to eltor-specific e4. The remainder of these lysogens, however, retained their parental biotype and serotype but acquired auxotrophy for glycine and histidine. The differential behavior of the two types of lysogen was due to the integration of the phage PS166 genome at different locations in the host chromosome. A 800-bp BglII fragment was found to contain the attP site. Phage PS166 has a polyhedral head (95 nm in diameter) and a contractile tail (98 nm in length). The phage chromosome is a linear doublestranded DNA of 110 kb and a G ϩ C content of 58.7%.
INTRODUCTION
Vibrio cholerae serogroup O1, the causative agent of cholera, consists of several biotypes. Of these, eltor and classical biotypes were responsible for all of the recent epidemics (Levine et al., 1983) . The eltor biotype differs from the classical in several important characteristics: eltor strains usually produce soluble hemolysin, contain a cell-associated hemagglutinin for chicken erythrocytes, and are resistant to the antibiotic polymyxin B (Finkelstein, 1973) . However, the most important distinctive feature is their sensitivity to group IV phages, which infect only the classical biotype of V. cholerae (Mukherjee, 1978) . Within each biotype, two major serotypes exist: Ogawa and Inaba.
The V. cholerae classical strain was the sole causative agent of cholera during the first six pandemics (Finkelstein, 1973) . The eltor biotype, although isolated as early as 1906, gave rise to only a small number of cases up to 1960. Since 1961, this biotype slowly exceeded the classical strain in global epidemics, and after 1966, all cholera epidemics were due to V. eltor strains (Sen et al., 1983; Niyogi and De, 1987) . However, since 1982, there has been a fresh emergence of the classical biotype as an epidemic strain in Bangladesh, rapidly replacing the eltor biotype (Samadi et al., 1983) . Thus one observes an epidemiological periodicity of V. cholerae classical and eltor infection in global pandemics. A new dimension was added to this problem with the emergence of V. cholerae O139 as the causative agent for the cholera outbreak in the Indian subcontinent in November 1992 (Ramamurthy et al., 1993) .
This strain is now believed to have emerged from V. eltor and the progenitor strains have been identified , but the molecular mechanism behind this seroconversion in the environment or for the epidemiological periodicity remains unknown. The results presented in this report provide a clue in this direction.
Within V. cholerae O1, the genetic map of the eltor biotype closely resembles that of the classical biotype (Johnson and Romig, 1979) . The genetic determinants for the three eltor biotype markers, hemolysin (hly), chicken erythrocyte hemagglutinin (cha), and polymyxin B resistance (pmx), were found to be closely linked and located between the pyrA201 and his-2 loci on the genetic map of V. cholerae (Green et al., 1983) . It was proposed that the pandemic strain of one biotype might arise from other biotypes of cholera Vibrio by transduction with a temperate phage or by mutation (Ogg et al., 1978) . Earlier, we identified phage PS166, which could convert V. eltor MAK757, serotype Ogawa strains to the classical biotype (Mitra, 1989) . However, the phage was not characterized, and the molecular mechanism behind the reported biotype conversion was not known. Here we report the biophysical characterization of the phage and report evidence suggesting that phage PS166 induces conversion by lysogenization.
RESULTS

Absorption and one-step growth
Phage PS166 was propagated in V. eltor MAK757. During growth in this host, it can behave as a lytic phage with a titer of 10 8 pfu/ml along with the generation of large number of lysogens (see later). High-titer phage stock was prepared as described later and used for biophysical characterization.
The absorption of PS166 to V. eltor MAK757 followed biphasic kinetics in nutrient broth at 37°C, a phenomenon common to all cholera phages. This was characterized by a very rapid initial phase that continued for only the first 90 s, when 60% of the phages were adsorbed at a rate of 6.9 ϫ 10 Ϫ8 ml/min; thereafter the process continued at a much slower rate (1.65 ϫ 10 Ϫ6 ml/min), so by approximately 7 min, 80% of the phages were adsorbed. To examine the possibility that the biphasic nature of absorption was due to the presence of two different phage populations, the experiment was repeated with the phages recovered in the supernatant after the first rapid phase or with phages purified from single plaques. An identical biphasic absorption pattern was observed in each instance. The growth of phage PS166 within its host was characterized by an eclipse period of 16 min, a latent period of approximately 22 min, and a rise period of 30 min. The average burst size obtained was 130 pfu/cell. Phage PS166 can infect V. eltor strains only; classical strains are resistant. In this respect, phage PS166 resembles eltor phage e5.
Ultrastructure and protein composition
The morphology and protein composition of the phage were examined by electron microscopy and SDS-PAGE. Based on electron microscopy (Fig. 1A) , the phage consists of a polyhedral capsid connected to a contractile tail with a base plate. The capsid is 95 Ϯ 1.3 nm in diameter. The tail is 98 Ϯ 8.3 nm long and 17.6 Ϯ 1.2 nm wide. The tail is connected via a small neck to the capsid. The base plate was not easily resolved but appeared to have spikes or short tail fibers. Structural proteins of the phage were analyzed by electrophoresis on an SDS-10% polyacrylamide gel. Regardless of the method of purification of the phage, SDS-PAGE displayed only two structural polypeptides, with molecular weights of 30,000 and 20,000 (Fig. 1B) .
Characteristics of phage PS166 DNA Phage PS166 was found on electron microscopy to contain a linear double-stranded DNA molecule ( Fig. 2A) . By contour length measurement, the molecular size was determined to be 110 kbp compared with plasmid pBR322 as internal standard. The molecular size, as determined by the length of restriction fragments obtained with HaeII, KpnI, and HaeII plus KpnI (Fig. 2B) , yielded a value of approximately 108 kbp. The melting temperature of PS166 DNA in 0.1ϫ SSC was 86.5°C, corresponding to a G ϩ C content of 58.7% (Maniatis et al., 1989) .
Lysogeny of phage PS166 in V. eltor MAK757 cells
The infection of V. eltor MAK757 cells with phage PS166 produced plaques with resistant growth in their 
FIG. 1.
Electron microscopy (A) and SDS-PAGE of structural polypeptides (B) of phage PS166. Lysozyme (M r ϭ 14,000), ovalbumin (M r ϭ 45,000), bovine serum albumin (M r ϭ 66,000), phosphorylase B (M r ϭ 97,000), and ␤-galactosidase (M r ϭ 116,000) were used as molecular weight markers.
centers. Some of these resistant colonies were found to exhibit properties of the classical biotype, indicating phage conversion (Mitra, 1989) . This resistant growth could be due to a phage receptor mutation or to a phage-immune strain due to lysogenization with phage PS166. To test these possibilities, a large number of phage-resistant colonies were isolated as described in Materials and Methods. Lysogenicity of these colonies was determined by four methods: immunity to infection with homologous phage, release of free phage identical to parent phage as judged by restriction fragment profile of the phage DNA, induction of lysis by mitomycin C and ultraviolet light, and Southern blot analysis of chromosomal DNA (Southern, 1975) and colony hybridization using nick-translated phage DNA as probe (Rigby et al., 1977) . About 1000 colonies were examined as one set. Immunity to homologous phage was determined by spotting an appropriate dilution of phage PS166 onto a soft agar lawn of the putative lysogens. Almost all the colonies examined were immune to further infection as expected. About 70% of the resistant colonies produced free phage homologous to phage PS166 and were taken to be lysogenic strains; others (about 30%) were taken to be phage-resistant mutants. Next, all putative lysogens were examined by colony hybridization (Grunstein and Hogness, 1975) , and all gave positive hybridization with nick-translated phage PS166 DNA. Moreover, total genomic DNA was isolated from 40 representative strains, digested with HaeII, and subjected to Southern blot analysis. Bands corresponding to those of phage PS166 DNA were present in the DNA samples of all putative lysogens examined (Fig. 3) , indicating integration of phage DNA into the host chromosome. Phageresistant mutants did not respond to any of these tests. None of the confirmed lysogens, however, could be induced by either ultraviolet irradiation or mitomycin C, as also reported for V. cholerae phage CP-T1 (Guidolin and Manning, 1985) . Repeated subculturing of these lysogens resulted in curing or the loss of prophage, but the phenotypic change induced by lysogenization remained unchanged. This property made it difficult to determine whether the phage-converted classical biotype isolated previously was due to a phage-resistance mutation or due to lysogenization followed by the subsequent loss of prophage.
Analysis of the biotype of PS166-lysogenized V. eltor MAK757 cells
To resolve this problem, phage-resistant mutants as well as confirmed lysogens, both freshly isolated, were examined for their consequent conversion to the classical biotype. To screen, the colonies were cross-streaked on two nutrient agar plates across a band of phage ⌽149, a group IV phage, on one plate and phage e4 on the other. Colonies showing lysis with phage ⌽149 (Fig.  4 ) but resistance to phage e4, a pattern typical of the classical biotype (Mukherjee, 1978) , were taken to be phage-converted classical strains. About 8-10% of the confirmed lysogens became sensitive to phage ⌽149 and resistant to e4, indicating their conversion to the classical biotype. These colonies were examined for other classical phenotypes; all became sensitive to polymyxin B, did not produce any soluble hemolysin, and did not agglutinate chicken erythrocytes, indicating a complete conversion of biotype. These converted strains would henceforth be called V. eltor MAK757C. None of FIG. 3 . Southern blot analysis of the chromosomal DNA isolated from V. eltor MAK757 cells lysogenized with phage PS166. Chromosomal DNA of the putative lysogens was isolated and subjected to Southern blot analysis as described in the text with 32 P-labeled PS166 DNA as probe. Phage PS166 DNA (lanes 1 and 2), MAK757 DNA (lane 3), and chromosomal DNA from PS166 lysogen of MAK757 (lanes 4-7). Other lysogens examined under identical conditions had similar patterns.
FIG. 4.
Phage ⌽149 sensitivity of V. eltor MAK757 cells converted to classical biotype by lysogenization with phage PS166. Phage-converted colonies were streaked on nutrient agar plates across a band of phage ⌽149 on the plate. The plates were grown at 37°C overnight and examined. Bands 1-5 represent phage-converted (V. eltor MAK757) strains. V. cholerae classical, Ogawa 154 (band 6) and V. eltor Ogawa MAK757 (band 7) were included as controls.
the phage-resistant mutants showed biotype conversion. All of the lysogens, however, including V. eltor MAK757C, maintained their parental Ogawa serotype.
Auxotrophy of PS166 lysogens of V. eltor MAK757 cells
The observed conversion of the eltor biotype to the classical biotype indicated the suppression of all the eltor-specific characters (pmx, hly, cha). Because the genes for all of these determinants are known to be closely linked (Green et al., 1983) , it may be conjectured that the integration of the phage genome took place at or near these loci and pleotropically affected their expression. Therefore the lysogens were plated on minimal agar plates supplemented with amino acids, nitrogenous bases (purine and pyrimidines), or vitamins to discover these auxotrophic requirements (Clowes and Hayes, 1968) . As can be seen in Table 1 , lysogens that were converted to the classical biotype (V. eltor MAK757C) required either cysteine or cysteine and methionine for growth. Interestingly, V. cholerae classical Ogawa strain 154, a universal host for all classical phages (Mukherjee, 1978) , was also found to be Cys Ϫ when examined for auxotrophy. More than 50% of the lysogens, however, were found to be Gly Ϫ and His Ϫ , and approximately 10% had an additional requirement for leucine. Approximately 20% had multiple requirements in addition to glycine and histidine.
Determination of attP site
The development of specific auxotrophic requirements (Cys Ϫ and Cys Ϫ , Met Ϫ ) for phage PS166-converted classical strains and their significant variation from the (Gly Ϫ , His Ϫ ) major fraction of the lysogens suggest that the phage genome integrates at different sites in these two types of lysogens. If this is correct, then one would expect an analysis of digested DNA from the two types of lysogens, probed with labeled phage DNA, to reveal a difference in the restriction fragment pattern. However, the conventional method failed to show any variation in the mobility of the fragments regardless of the various enzymes used. This could be due to the fact that in each of these experiments, integration produced very high molecular weight fragments, which remained unresolved under the experimental conditions. So the following approach was taken: it was known that the attP site of the double-stranded DNA phage of V. cholerae O139 was located on one of the terminal fragments of the phage genome . It was established from the restriction map we constructed of the phage PS166 genome that BglII produced 11 fragments, of which the smallest fragment, BglII-K, 800 bp (Fig. 6B) , was one of the terminal fragments (see accompanying article). Chromosomal DNA from the two groups of lysogens (Gly
Ϫ
His
Ϫ and classical converted Cys Ϫ ) were digested with BglII and subjected to Southern blot analysis using 32 Plabeled 800-bp BglII-K fragment as probe. As can be seen from Fig. 6 , the fragment BglII-K disappeared in all lysogens with the concomitant appearance of a very large band or bands, suggesting that the attP site is located on BglII-K. However, the sizes of these fragments were much higher in the converted classical strains (Fig, 
6A, lanes 3 and 4) than in all lysogens showing the Gly
Ϫ
His
Ϫ phenotype (Fig. 6A, lane 2) . Representative strains from each group of lysogens produced identical results. This strongly suggests that conversion to classical strains was due to integration of the phage DNA into the host chromosome at a site different from in other lysogens. This was further confirmed by the observation that in lysogens that were converted to classical strains, the phage genome integrates at the hlyA locus, whereas the same locus remained unaffected in other lysogens (Gly Ϫ His Ϫ ) where parental biotypes were maintained (see accompanying article).
Outer membrane proteins of biotype-converted V. eltor MAK757 cells
Conversion of the eltor biotype to the classical biotype can result in the loss or alteration of the receptor so that it is no longer recognized by eltor-specific phages like e4 but are recognized by classical phage ⌽149. The outer membrane proteins were prepared from V. eltor MAK757, V. cholerae 154, classical Ogawa, and the converted lysogens (V. eltor MAK757C) to look for any change in their composition. One major protein band corresponding to 50 kDa in size was found to be absent in the converted lysogens (Fig. 6 ).
DISCUSSION
Epidemiological periodicity is unique for V. cholerae and has no parallel in the epidemiological history of any other bacterial infection. Until the early 1990s, for almost 100 years after the discovery of the organism, it alternated between classical and eltor biotypes. The emergence of V. cholerae O139 in 1992 replacing the V. eltor strain from the endemic scene appeared to mark the beginning of a new era. In subsequent years, O139 disappeared, making room for the eltor strain, but it reappeared in 1996. The molecular mechanism behind this change in serotype and biotype remained unknown. Although the O139 strains were shown to be derived from a V. eltor serogroup O1 strain and progenitor strains were identified , nothing is known about the genesis of the V. eltor strain. Phage conversion leading to changes in the serotype of V. eltor O1 strains have been reported (Ogg et al., 1972; Siddiqui et al., 1982) . In V. eltor strains, changes in the phage type and toxigenicity due to phage-mediated induction have been reported (Siddiqui and Bhattacharyya, 1982) . Incomplete transfer of biotype characters was previously demonstrated (Ogg et al., 1978) . The results presented here demonstrate the conversion of a V. eltor strain to a classical one with changes in all biotype determinants.
Phage PS166 infects V. eltor strains to produce plaques with resistant colonies in their centers; most of these colonies were found to be lysogens. The plaque morphology was quite different from other lysogenic phages like VcA-1 and VcA-3, which produce plaques with a clear center and a turbid outer ring. PS166 is quite different physically from other V. eltor-specific phages. An analysis of the resistant colonies isolated from plaques or areas of confluent lysis revealed that approximately 70% of these colonies were confirmed lysogens. By repeated subculture, prophages were either lost or cured, a phenomenon that has also been reported for the transduction of cholera phage CP-T1 (Guidolin and Manning, 1988) . The phenotype changes induced by lysogenization, however, remained unchanged. Unlike other lysogens, the PS166 lysogen could not be induced by ultraviolet light or mitomycin C. In this way, PS166 resembles transducing cholera phage CP-T1 (Guidolin and Manning, 1985) but differs from the recently isolated single- (Kar et al., 1996) and double- stranded DNA phages of V. cholerae O139.
Examination of the nutritional requirements of the various PS166 lysogens revealed that most of these developed auxotrophy for glycine or histidine. It is probable that the phage DNA integrates at these sites and inactivates the respective genes. Phage PS166 is unique in this sense compared with other temperate phages of V. cholerae. The phages VcA-1 and VcA-2 behave like a mutator phage and integrate randomly into the host chromosome (Guidolin and Manning, 1987) , whereas phage CP-T1 has been shown to mediate generalized transduction (Guidolin and Manning, 1985) . Although transduction has not been studied in PS166, it is possible that this phage carries out generalized transduction as suggested by multiple auxotrophy of quite a few lysogens.
Surprisingly, approximately 10-12% of the lysogens were converted to the classical biotype. Incomplete con- version of biotype by phage CP-T1 was reported earlier by Ogg et al. (1978) , but phage PS166 mediates changes in all eltor-specific determinants, namely, production of soluble hemolysin, polymyxin B sensitivity, hemagglutination of chicken erythrocytes, and sensitivity to phage ⌽149, a phenomenon that is being reported for the first time. It is known that all eltor-specific determinants (hly, cha, pmx) are closely linked and located between the pyrA-201 and his-2 loci on the genetic map of V. cholerae (Green et al., 1983) . It could be argued that the phage DNA may integrate at one position to pleotropically affect the expression of all of these determinants. An analysis of the auxotrophic profile of these converted strains revealed that they acquired the growth requirement for either cysteine or cysteine and methionine, which is different from other lysogens that were Gly Ϫ and His Ϫ . Most surprisingly, V. cholerae classical strain 154, the universal host for all the classical-specific phages, was also found to be Cys Ϫ . Thus it appeared that the phage PS166 preferentially integrates at the gly his locus, inducing the respective auxotrophies. PS166 has the capacity to integrate at other sites, and possibly, multiple copies of it induce multiple auxotrophies. However, sometimes (10-15% of the lysogens) the phage genome integrates at the cys locus and affects the expression of all eltor-specific determinants. It is under these circumstances that a biotype change is induced.
If this conjecture is correct, then one would expect the site of integration of the phage genome to differ in the two types of auxotrophic mutants, and indeed this is the case. The integration event splits the 800-bp fragment in two, located at either side of the integrated phage genome. The size of the BglII fragment obtained by digestion of the chromosomal DNA of the lysogens, hybridizing with the 800-bp probe, would then depend on the location of the nearest BglII site on the host chromosomal DNA at either side of the integrated phage genome. Two bands were obtained with lysogens that retained their parental biotype. The apparent single band seen from converted lysogens may then represent either a doublet or two large bands of different sizes, which could not be resolved under our experimental conditions. It was further confirmed that in the classical converted strain, the phage genome integrates at the hlyA locus, whereas the same locus remained unaffected in Gly 
His
Ϫ lysogens (see accompanying article). It is pertinent to ask whether the biotype conversion observed in the laboratory has any epidemiological significance. Phage PS166 was isolated in 1988 from a background of patients of whom quite a number (12%) had V. cholerae classical infection (R. K. Ghosh, unpublished observation). This number was significant compared with the incidence of classical infection (0.5%) in the preceding few years (Neogi and Dey, 1987) . During this period, the incidence of V. eltor infection was lower (66%) compared with its incidence (99.5%) during the preceding 10 years (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (Neogi and Dey, 1987) . A large number of patients (approximately 20%) could not be typed (R. K. Ghosh, unpublished observation), a profile that is similar to PS166 infection of V. eltor MAK757 cell under laboratory conditions.
Very recently, the genome of V. eltor strains has been shown to undergo rearrangement leading to strains with newer ribotype and different restriction fragment length polymorphism patterns (Sharma et al., 1997) . Two temperate phages capable of infecting both eltor and O139 strains have been identified (Kar et al., 1996; . Whether these phages play any role in this gene rearrangement or the genesis of the O139 strain has yet to be examined.
MATERIALS AND METHODS
Bacteria and bacteriophage strains
V. eltor MAK757 and V. cholerae classical strain 154, which both belong to serotype Ogawa, as well as the typing phages ⌽149 and e4 were obtained from the National Institute of Cholera and Enteric Diseases, Calcutta. Phage PS166 was isolated from a stool specimen from a clinical cholera patient at the Infectious Disease Hospital, Calcutta (Mitra, 1989) . General bacteriophage techniques, including phage absorption kinetics and one-step growth parameters, were studied as described earlier (Chattopadhyay et al., 1987) .
Preparation of high titer phage stock V. eltor MAK757 was used as indicator host for phage propagation as well as to determine the phage titer by the agar-overlay method. Cells were grown in nutrient broth at 37°C with shaking (180 rpm) to mid-log phase (ϳ5 ϫ 10 8 cfu/ml). The cells were then infected with phage PS166 at an m.o.i. of 0.01 and incubated with shaking at 37°C for 4 h. A yield of approximately 2 ϫ 10 10 pfu/ml was obtained. Chloroform (0.5% v/v) was added to the cell lysate, and the cell debris were removed by centrifugation at 6000 g at 4°C. Phage particles were concentrated from the lysate by precipitation with polyethylene glycol 6000 as described by Yamamoto et al. (1979) . The phages were subsequently purified by banding on a cesium-chloride step gradient (1.3-1.7 g/ml) by centrifugation at 35,000 rpm for 1 h with a Beckman SW 50.1 rotor. The recovered phage band was dialyzed overnight at 4°C against 10 mM Tris-HCl, pH 8.0, 1 mM EDTA and then stored at 4°C in the presence of a small amount of chloroform.
Electron microscopy
Electron microscopic examination of the phage and phage DNA was conducted according to the procedures described by Chakrabarty et al. (1993) .
Analysis of structural proteins
Analysis of structural proteins was made by SDS-PAGE according to Laemmli (1970) .
Isolation of phage DNA
Phage DNA was isolated according to the method described earlier (Chattopadhyay and Ghosh, 1988) .
Restriction enzyme digestion and electrophoresis
Phage DNA (1-2 g) was digested with various restriction enzymes at 37°C for 90 min according to the instructions of the manufacturer (New England Biolabs). Before loading on the gel, the digests were heated at 65°C for 10 min and then quenched on ice. Restriction fragments were separated by electrophoresis on a 1% agarose horizontal slab gel formed in 90 mM Tris, 90 mM borate (pH 8.2), and 2 mM EDTA. Sizes of the various fragments were obtained from their mobilities relative to those of DNA HindIII fragments run on the same gel.
Southern blotting and DNA hybridization
Chromosomal DNA from V. eltor MAK757 as well as from the PS166 lysogens of MAK757 were prepared according to Mekalanos (1983) , except that 20 g/ml lysozyme was used. Then 2 g of chromosomal DNA was digested and run on a 0.7% (w/v) agarose gel as described earlier. Conditions for labeling of DNA probes with 32 P, Southern hybridization, and washing of the blots have been described .
Serotyping, resistance to polymyxin B, and production of hemagglutinin Serotyping of different colonies was performed according to the procedure described by Siddiqui and Bhattacharya (1982) . Resistance to polymyxin B was determined according to Han et al. (1963) . The presence of hemagglutinin was tested by the slide-agglutination method according to Finkelstein et al. (1963) .
Isolation of a phage-converted classical strain
We infected 0.2 ml of log-phase culture (5 ϫ 10 8 cells/ ml) of V. eltor MAK757 with the appropriate dilution of phage PS166 and then they were plated. The plates were incubated at 37°C overnight. Colonies were picked either from areas of confluent lysis or from the center of the plaques. Each colony was placed in 1 ml nutrient broth and grown overnight at 37°C. These cultures were then streaked for the isolation of single colonies. Each single colony was then passed through five subcultures on nutrient agar plates, and single colonies were identified each time for purification as well as to remove any contaminating phage. To isolate classical strains from these PS166 lysogens of V. eltor MAK757, colonies were cross-streaked on nutrient agar plates across a band of phage ⌽149 (classical-specific group IV phage) on one plate and phage e4 (eltor-specific phage) on the other. The plates were then incubated at 37°C overnight. Colonies showing lysis with phage ⌽149, but resistance to phage e4, a pattern typical of the classical biotype, was taken to indicate a phage-converted classical strain.
Test for auxotrophy
Different PS166 lysogens of V. eltor MAK757 were grown on nutrient agar plates to give single colonies. These were then replicated on 12 different pools of supplemented minimal agar plates as described by Clowes and Hayes (1968) .
Isolation of outer membrane protein
The method for the preparation of outer membrane protein was essentially as described by Schnaitman (1974) . Briefly, exponential phase cells were harvested by centrifugation and resuspended in 10 mM HEPES, pH 7.0, containing 20% (w/v) sucrose. The cells were disrupted by sonication, and the lysates were treated with 100 g/ml DNase and 100 g/ml RNase for 10 min. Intact cells were removed by low-speed centrifugation. Lysates were diluted with two volumes of 10 mM HEPES buffer and centrifuged at 100,000 g for 30 min. The pellet containing the crude envelope was resuspended and washed once with the same buffer. Outer membrane protein was then prepared from this crude preparation through solubilization of the inner membrane protein by extraction with 2% Triton X-100. The outer membrane protein was recovered as a pellet.
